Acetylcholinesterase (Ache) and pseudocholinesterase (BUche) activities were studied quantitatively in healthy skin by spectrophotometric methods and qualitatively by polyacrylamide gel electrophoresis. The results were compared to those obtained in plasma.
Acetylcholinesterase (Ache) and pseudocholinesterase (BUche) activities were studied quantitatively in healthy skin by spectrophotometric methods and qualitatively by polyacrylamide gel electrophoresis. The results were compared to those obtained in plasma.
The substrates used to reveal enzyme activities were acetylthiocholine (ATC) iodide and butyrylthiocholine (BTC) iodide, respectively.
A linear relationship exists between the values of BUche and Ache activites in plasma and those in skin.
Six isoenzymes of different electrophoretic mobility were observed in the skin. One of them, which is never found in plasma extracts, appears to be specific to the skin.
On gradient gel electrophoresis, with both substrates (ATC and BTC), a single band of enzyme activity, corresponding to a molecular weight of 600,000 was observed.
These results suggest that in the skin there is only one enzyme, most probably butyryl cholinesterase, which cleaves BTC somewhat faster than ATC.
This methodology, when applied to the study of dermatoses in which abnormalities of cutaneous nerve terminals are suspected, should furnish precise functional pathophysiological details.
Histochemical or ultrastructural methods may be used to study cholinesterases (Che) in the skin [1] . Thus, precise topographical distribution of the activity of these enzymes in the tissue may be determined. However, such methods do not provide quantification of the enzyme.
Various techniques have been suggested for the quantitative study of cutaneous Che, including nephelometric methods, gasometric methods [2] and radioassays [3] . These techniques provide quantitative information of overall enzyme activity, but the use of electrophoretic techniques (polyacrylamide gel) allows selective analysis. This method has already been applied to the study of cholinesterase isoenzymes in plasma and the purpose of ours was to apply this electrophoretic technique to cutaneous cholinesterases. 
MATERIALS AND METHODS

Plasma
Venipuncture of the anticubital vein was carried out in 21 healthy subjects (11 women and 10 men), whose age varied from 21 to 63 yr. Heparinized plasma, separated from erythrocytes by centrifugation immediately after collection of the blood, was used for analysis. The specimens were frozen in Liquid nitrogen and stored at -40°C until analysis was carried out.
Skin Biopsies
Nine specimens of healthy skin were examined. These biopsies were obtained from surgically excised material, excision being effected under general anesthetic, using a scalpel. The tissue was dried on ftiter paper and immediately frozen in liquid nitrogen. The biopsy areas were: the upper dorsal region (4 cases); the lumbar region (2 cases); and the thigh (3 cases) . None of the &ubjects were receiving local or systemic therapy which might modify circulatory or tissue cholinesterase activity.
Preparation of Skin Extracts
After storage in liquid nitrogen, the 9 specimens were placed in 3 volumes of a 0.25 M sucrose solution, then homogenized with a Potter Elvehjem glass homogenizer (Kontes) . The homogenate was then centrifuged at 30,000 xg for 30 mn at O°C. The proteins of the supernatants were concentrated by diaflo ftitration (Minicon, concentrators: B15 fivefold, A25 threefold) so that I m1 of extract corresponded to 300 mg of skin (fresh weight) .
Quantitative Spectrophotometric Study of Acetylcholinesterase (Ache) and Pseudocholinesterase (BUche)
Ache and BUche were measured in the plasma and skin extracts according to the method of Weber [4] . Doses were made from Boehringer-Mannheim test reagents at 405 nm at 25°C using acetylthiocholine (A TC) iodide and butyrylthiocholine (BTC) iodide as substrates for Ache and BUche activities, respectively.
For plasma, results were expressed in mU/ ml and corresponded to a range already described [4] . For skin extracts, it was necessary to establish a sampling curve, since low values were obtained in preliminary tests. This curve was established from PRECILIP serum with Imown values of Ache and BUche. These sera were used at various
Electrophoretic Study
o. Polyacrylamide gel (PG) : Plasma and skin extracts were subjected to polyacrylamide gel electrophoresis according to the method of Davis [5] , modified by Holstein, Burnett, and Quevedo [6] . Undiluted 1'ris glycine buffer at pH 8.3 was used in the cathode compartment, according to Juul (7] . The current used was 3 rnA per tube for I hr and the samples were 20 iLL for both plasma and skin. Enzymic activity was demonstrated by the Koelle-Friedenwald technique [8] .
Preincubation (copper acetate, glycine) was carried out for 30 min on all specimens, followed by incubation with the substrates (A TC and BTC iodide) for either 3 or 19 hr. Electrophoresis was performed at +4°C and enzymatic activity appeared as while bands of copper thiocholine precipitate. The gels were conserved at +4°C in a 7% solution of acetic acid, during which time the white bands remained visible. They were then subjected to photometric recording on a gel scanner.
Mobility was calculated proportionally in bromophenol blue. c. Nonspecific esterases: These were demons trated in the classic manner with naphtol acetate and diazo blue.
d. Inhibition with eserine:
The inhibitory action of eserine on t he enzyme was tes ted in t he following manner: after migration, but before enzymatic detection, the gels were incubated for 1 hr in a solution of eserine (1.4 mg/ 50 ml buffer (10 4 M) pH 5.0) . A parallel series of control tests was also carried out.
e. Inhibition with lysivane: The phenothiazine derivative, astra 1397 (IO-(a-diethylamillop ropionyl)phenothiazine hydrochloride), is a selective inhibitor of plasma butyrylcholinesterase; in t his experiment we employed t he structurally similar compound, lysivane (lO-{a-diethylaminopropyl)phenothiazine hydrochloride) [9] . The inhibitory action of Iysivane on the enzyme was tested in a way similar to that used for eserine: after migration, but before enzymatic detection, the gels were incubated for I hr in a solu tion of lysivane (8.52 x \0 • lysivane); studies using inhibitors were performed on polyacrylamide gradient gel electrophoresis.
Statistical Analysis
Hegression lines of the BUche-Ache ratio were determined by the method of least squares. Gradients are compared using the Student ttest.
RESULTS
Plasma
Spectrophotom etry (Table I) : For Ache the mean value was 2561 ± 330 mU/m!. For BUche, it was 4377 ± 570 mU/mI.
Polyacrylamide gel electrophoresis (Fig 2) : The different ch olinesterase bands were denominated by a factor of their R(x) multiplied by 10 2 . The R(x) corresponded to the electro· phoretic mobility of a protein relative to that of bromophenol blue. The same electrophoretic proflles were observed for both Ache a nd BUche.
After 3 hours' incubation with substrates, 4 distinct bands were distinguished in all the extracts. Three of them were fine and of medium electrophoretic mobility: Ch 62, Ch 47 and Ch 33. The fourth band, Ch 9, showed intense activity and weak electrophoretic mobility (Table 11) .
After 19 hours' incubation, 2 bands, Ch 73 and Ch 15, appeared (Table IV) .
Polyacrylamide gradient gel electrophoresis (PGG) (Fig 3) : On PGG at 3 hr and 19 hr of incubation, a single band corre· sponding to a molecular weight of about 600,000 was observed for both substra tes (ATC iodide and BTC iodide) . Enzyme activity was more intense, however, when BTC iodide was used as the substrated.
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-----. Inhibition with eserine: With acetylthiocholine iodide as the substrate, the band was completely inhibited.
With butyrylthiocholine iodide as the substrate, the band was only partially inhibited.
Inhibition with lysivane: With both substrates, the band was completely inhibited.
Skin Extracts
Spectrophotometry ( 969 ± 330 mU/gm of skin (fresh weight). For BUche, the mean value was 1459 ± 629 mU/gm of skin (fresh weight). (Fig 2) : The same electrophoretic profiles were observed for both Ache and BUche. Thus, once again, all bands showed less activity against acetylthiocholine than against butyrylthiocholine. (Table IV) .
Polyacrylamide gel electrophoresis
CHOLINESTERASES ISO ENZYMES 241
Polyacrylamide gradient gel electrophoresis (Fig 3) : On PGG at 3 or 19 hr, a single band corresponding to a molecular weight of about 600,000 was observed for both substrates (acetylthiocholine iodide and butyrylthiocholine iodide). The comparison of gradients (Ache-BUche ratio) in skin and serum gives a t-value of 1.583. Such a value shows that the gradients may be considered as being statistically significant (0.1 < a < 0.2).
Inhibition with eserine:
DISCUSSION
The hydrolysis of both A TC and BTC iodide was observed using plasma and skin extracts (soluble fraction) as sources of enzyme. These results were obtained using a thiocholine histochemical procedure, followed by transmission densitrometry, and confirm previously published data.
However, it has been suggested that 2 different enzymes, true cholinesterase (3.1.1.7) and pseudocholinesterase (3.1.1.8) are present in the skin. The positive identification of these enzymes is based on a study of their substrate specificity and sensitivity to specific inhibitors. Magnus and Thomson [2] assayed enzyme activity manometrically, using acetylbetamethylcholine and butyrylcholine for true and pseudocholinesterase, respectively, in normal human skin. Cotton, Van Den Hurk, and Mier [3] , using (acetyl-I-14 C)choline chloride, studied the hydrolysis of acetylcholine using extracts from normal and pathological (atopic eczema) human skin. In the soluble fractions of the extracts, 2 enzymes appeared to be present: the Km values suggested that these were "true" and "pseudo" cholinesterase.
We were unable to confirm these findings and our results suggest that there is only one type of cholinesterase in the skin and plasma for the following reasons:
1. With both substrates (BTC or ATC), a single band of enzyme activity corresponding in both instances to a similar molecular weight (600,000) was detected using polyacrylamide gradient gel electrophoresis.
2. The electrophoretic pattern was totally similar whether ATC or BTC were used as substrates.
3. For each specimen, the ratio, hydrolysis of BTC hydrolysis of ATC, showed only slight variations.
Furthermore, our results suggest that this enzyme cleaves BTC somewhat faster than A TC:
1. spectrophotometric study showed that the hydrolysis of BTC in skin and plasma is greater than that of ATC, and that a linear relationship exists between the 2 substrate activities.
2. on disc gel electrophoregrams, the band of enzyme activity appeared much more clearly when BTC was used as the substrate.
It seems likely that this enzyme is a pseudocholinesterase (butyrylcholinesterase). Neither true cholinesterase nor pseudocholinesterase are highly specific in their substrate requirements; Ache shows greatest activity with acetates and little with butyrates, whereas pseudocholinesterase exhibits optimal activity with butyrates [10,11], but also a significant activity with acetates.
In skin, the enzyme was inhibited by eserine and lysivane, the latter of which is known to be a selective inhibitor of plasma butyrylcholinesterase. The partial inhibition by eserine observed in plasma is probably due to a high concentration of the enzyme.
It should be noted, however, that the molecular weight of the enzyme, both in plasma and skin (600,000), is much higher than that proposed for human plasma cholinesterase (300,000) . This difference is perhaps due to the technical methods used. Since the molecular weight which we found represents around twice that which has previously been reported, it could be considered that:
-either previous studies were carried out on subunits with identical enzymatic activity, -or that we have studied a polymer of these subunits with identical enzymatic activity. With regard to plasma, our results are in agreement with data given in the literature: Juul [7] was unable to demonstrate true cholinesterase activity in human plasma.
The enzyme observed in skin appears to be similar to that found in plasma, although pseudocholinesterase and acetylcholinesterase activities in the skin are approximately 3 times lower than those of plasma.
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Our results (Table IV) showed that: -5 isoenzymes were found in plasma and skin extracts; -one of the isoenzymes constantly present in plasma was never found in skin; -an isoenzyme present in skin, appearing after 19 hours' incubation with the substrates, was never found in plasma. Quantitative interpretation of the electrophoretic data is difficult. However, it must be noted that the respective proportion of certain isoenzymes is different in skin and plasma: the majority are in greater quantities in plasma, although one of them (Ch 33) seems to be proportionally more abundant in skin.
In our experiments, we used a technique which was previously applied to the study of plasma cholinesterase [7] , in which 8 to 12 bands of enzymatic activity were distinguished in the plasma of normal subjects. We, however, only observed a maximum of 7 bands of cholinesterase and pseudocholinesterase activity in plasma. These discrepancies are probably a result of differences in the techniques used, since, in contrast with the previously mentioned work, we used neither sample gel nor spacer gel.
This technique of skin cholinesterase analysis provides precise quantitative and qualitative characterization. It is specific and reproducible, with a high resolution. Nevertheless, it is long and cannot be used routinely. Furthermore, large skin biopsies (initial weight was of the order of 1-2 gm) are required.
This type of methodology, however, seems to us to be of interest in the study of the pathophysiology of cutaneous disorders in which abnormalities of cutaneous nerve terminals are suspected, or have been demonstrated by morphological study.
However, further investigations are needed into the characterization of individual isoenzymes. Moreover, this study does not totally exclude the possible presence of acetylcholinesterase in skin, which may exist in such minute quantities that it is not detectable by the techniques we have used; it is also possible that it counts for only a very small proportion of the total cholinesterase activity.
